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Preface 


The increasing use of acoustic devices in military and commercial systems has 


prompted the generation of this Microwave Acoustic Handbook series. Other vol- 


umes, either published or in preparation, are: Volume 1A, Surface Wave 
Velocities; Volume 2, Surface Wave Velocities—Numerical Data; Volume 3, Bulk 
Wave Velocities (Report Number RADC-TR-80-188). All have different report 
numbers, This fourth volume consists of numerical data corresponding to many of 
the graphical curves presented in Volume 3. As this volume is intended as a 
supplement to Volume 3, particularly for the serious acoustic design engineer, none 
of the fundamental notation or theory is repeated here. Rather, the reader is urged 
to consult Volume 3 prior to utilization of the numerical data contained in the pre- 
sent volume. 

In using the data of this volume the reader should be alert to the following 
potential pitfall. The assignment of first or second shear designations to a parti- 
cular shear mode does not necessarily correspond to the designation used in 
Volume 3; interchanges can even occur within a given orientation, 

The authors wish to acknowledge the support of E. Cronin, J. Cooney and 
R.G. Gosselin in the compilation of this report. The computer programming 
assistance provided by R.T. Delmonico and k.D. Conway of ACSI and J. V. O'Brien 
formerly of Dabcovich and Company was obtained under Air Force Contract, 


1. 


BULK WAVE NUMERICAL DATA 


Ba,NaNb,O,, 
Bi, pGeOoq 

CaS 

Diamond 
Eu3FesOi2 
Gadolinium Gallium Garnet 
GaAs 
Germanium 
InSb 

InAs 

Lead Molybdate 
PbS 

LiNbO, 
LiTaO, 

MgO 

Quartz 

Rutile 

Sapphire 
Silicon 

Spinel 

TeO, 


Contents 


7 


9-20 
21-44 
45-48 
49-60 
61-72 
73~84 
85-96 

97-108 
109-120 
121-132 
133-140 
141-152 
153-188 
189-212 
213-224 
225-236 
237-244 
245-256 
257-268 
269-280 
281-292 


Contents 


293-304 
305-316 
317-328 
329-336 


INlustrations 


Euler Angle Notation For Acoustic Bulk Wave Propagation 


t 


wD we Oe 


Microwave Acoustics Handbook 
| Volume 4. Bulk Wave Velocities 
Numerical Data 


1. BULK WAVE NUMERICAL DATA 


ry 
| The following pages consist of computer generated numerical printout for a 
| variety of single crystalline materials and orientations. These orientations are 
defined in Figure 1. The material constants used to generate this data are those 
given! in Volume 3. 

The numerical printout contains the following information. The first column 
is the variable Euler” angle for the particular cut under investigation, LNGVEL is 
the longitudinal wave velocity, and LPHI12 and LPHI13 are the longitudinal wave 
power flow angles. Similar sets of data follow for the first and second shear modes. 
' Note that the first and second shear modes do not necessarily correspond to the fast 


and slow shear waves and that differences in labels can exist between Volumes 3 
and 4, 
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' 

‘ 

t. Slobodnik, A.J., Jr., Delmonico, R.T., and Conway, E.D. (1980) Microwave 
! Acoustics Handbook Volume 3._ Bulk Wave Velocities, National Technical 
7; 
' 
a 
f 


nformation services, pringiieid, irginia . 


2. Goldstein, H. (1950) Classical Mechanics, Addison-Wesley, New York. 


we 


ee 


Renee ES 


Ne er a ww 


| 


{iid {iio} PLANE 


wiTH Dates CONSTANTS 


Figure 1. Euler Angle Notation for Acoustic Bulk Wave Propagation. 
The X plane can also be called the YZ plane, the Y plane can be 
referred to as the XZ plane, and the Z plane is also known as the 

XY plane 
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220-PLANE BISMUTH GERMANIUM OXIDE (SLOBODNIK AND SETHARES) BULK 


LNGVEL Lenri2 Lewr13 FSRVEL FSPHI12 FSPHI13 SSRVEL SSPH112 sspu1i3 
50. 3722.889 2.650 -8.000 1670.020 -6.260 0.000 16762125 “10.720 8.000 
51. 3725.576 -0.000 1668.073 -3.380 -0.000 1673.165 -6.550 GeO 
52. 3727.633 -0.000 1666.563 -2.480 -0.060 1669.314 -6.360 6-006 
53. 3729.056 -0.000 1665 .550 -1.560 -0.000 1666.653 -4.070 0-000 
54. 37292846 -0.000 1664.979 -.670 -0.000 1665.178 -1.730 GeOGu 
55. 3729.997 -0.000 1664.896 2240 9.000 1664.870 2240 6-600 
56. 37292509 -0.000 1665 .223 1.150 0.000 1665-808 2.979 -0.000 ra 
57. 3728.385 -0.000 1666.036 2.060 6.000 1667 .911 52290 6.000 
58. 3726.625 -0.000 1667-313 2-960 0.000 1671.192 7.550 -0.600 ; 
$9. 37262235 -0.000 1669045 3.650 0.000 1675-633 9.732 “0.066 
60. 37212219 -0.000 1671.230 &.730 0.000 1661.210 42.040 0-006 : 
61. 3717.582 -0.000 1673-865 5.590 0.000 1687 .692 13.700 -0.6u0 
62. 37132334 -0.000 1676 .944 60430 0.000 1695-644 15.620 0.900 
63. 3706.483 -0.000 1680-461 7.250 0.000 1704.425 47.330 G.0uG 
64. 3703.04 -0,000 16842409 6.066 0.000 4714.169 18.696 -G.0u6 
65. 3697.016 -0.000 1688.779 8.830 0.000 1724.88% 20.310 -0.000 ye 
66. 3690.4628 -0.000 1693.564 9.580 0.000 1736.457 21.5490 -0.000 y¥; 
67. 3683.267 -0.000 1698.755 16.300 0.000 1746 .049 22.720 -9.000 
68. 3675.610 -9.000 17042340 10.990 0.000 1761.999 230710 ~ueGub 2 
69. 3667.417 -¢.000 1710.310 41.660 0.600 1/75.862 24.576 9.000 
70. 3658.726 -0.000 1716-653 42.290 0.000 1790.312 25.290 8.000 
71. 3649.560 -0.000 1723.357 12.090 0.000, 105.360 25.000 0-000 
to 72, 3639.944 -0.000 1730.611 13.450 0.000 1023.657 20.3460 -d.0uu 
° 73. 3629895 -0.000 1737.800 13.986 0.000 1836.790 26.09 -0.000 
74. 3619.648 -0.000 1745 .513 14.480 0.000 1853-067 26.920 -0.u00 
75. 3608.628 -9.000 1753.536 16.950 0.000 1869.613 27.040 -9.066 
76. 3597 0467 -0.000 1761.654 15.380 0.000 1086.356 27.060 6.00u 
77. 3585.996 -0.000 17700453 15.790 0.000 1903.221 26.570 ~u.06u 
76. 3574,254 -0.000 17792320 16.150 0.000 1920.132 26.776 G.e0e 
79. 3562-268 -0.000 1788 .438 16.490 0.000 1937.014 26.660 0.000 
ao. 3550.085 -0.000 17972794 16.790 0.000 1953.793 26.100 -0.006 | 
81. 3537.74 -0,000 1807.372 17.070 0.000 1970394 25.614 -Ueuve 
82. 3525.286 -0.000 16174157 17.310 0.000 19666741 25.040 -Uebun 
83. 3512.756 0.000 1827.135 17.526 0.000 2002.761 24.370 -0.0u0 
64, 3500.202 -0.000 18372289 17.710 0.000 2016.386 23.600 0.000 
a5. 3487.671 -0.000 1847.605 17.860 0.000 2033.524 22.7558 Gedua 
86. 3475216 9.000 1858.067 17.996 0.000 2080.122 21.600 -0.000 
87. 3462.86 -0.000 1666 661 18.090 6.090 2062.101 20.776 2.046 
8. 3450.725 8.000 1879.372 18.170 0.000 20752393 19.640 0.000 
ag. 3438.799 0.000 1690.164 16.220 0.000 2087.929 16.620 -0.000 
90. 3627.156 0.000 1901.082 18.240 0.000 2099.643 £70210 -u.0a0 1 
91. 3615.850 0.000 1912.053 18.260 0.000 210.473 15.720 -6.000 
92. 3404.932 -0.000 1923.081 18.230 0.000 21203568 16.240 0.900 ‘ 
93. 3394 .452 -0.000 1934.153 18.180 @.060 2129.263 12.690 -0.005 
94. 33866.459 0.000 1965.25 18.120 0.000 2137.077 11.060 -0.0u0 
95. 3374.998 -0.000 1956.370 18.040 0.000 2163.614 9.370 -0.000 
96. 3366.110 0.000 1967488 17.930 0.000 21492426 7.620 0.000 . 
97. 3357631 0.000 1976.593 17.810 0.000 2153.846 5.630 -0.000 
98. 3350.191 0.000 1969.674 17.670 0.000 2157.087 4.010 “0.000 
99. 3343.216 -0.006 2080.717 17.510 0.000 2159.116 26160 -0.060 
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149. 


CNGVEL 
18320.760 
18319.578 
16316.317 
18317.0142 
16315.674 
16314.321 
18312.966 
18311.624 
18310.310 
16309.039 
18307.825 
16306.661 
18305.626 
16304.654 
186303.793 
18303.045 
18302.426 
18301.935 
16301.560 
16301. 366 
18301.294% 
16301.366 
16301.580 
18301.935 
18302.426 
18303.047 
18303.793 
18304.653 
18305.620 
186306.681 
18307.825 
18309.039 
18310.310 
18322-6246 
18312.965 
186314.320 
18315.674 
16317.011 
183186.317 
186319.578 
18320.760 
18321.911 
18322.957 
16323.909 
16324.755 
18325.4687 
18326.097 
186326.576 
186326.925 
18327.135 
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LPHI13 
-3.660 
-3.550 
-3.436 
73.300 
73.160 
73.010 
-2.650 
2.6860 
-2.510 
-2.330 
72.140 
71.9460 
“1.740 
71.540 
71.326 
71.110 

~ 690 
-.670 
72450 
-.220 
0.000 

2220 

459 

670 

«690 
1.110 
1.320 
1.540 
16769 
1.940 
20140 
2.330 
2.510 
2.080 
2.650 
3.010 
3.160 
3.300 
3.430 
3.550 
3.660 
3.770 
3.860 
32940 
4.010 
4.070 
4.120 
4.160 
4.199 
4.200 
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12560,276 
12579954 
12599.540 
12616.6469 
12637.726 
12656 .031 
12673,643 
12690 ..455 
12706.372 
12721.306 
12735.167 
12747941 
12759.510 
12769.840 
12778 .686 
12766.606 
12792.969 
12797.946 
12601.516 
12803.664 
12804.381 
12603.664 
12601.516 
12797 .946 
12792.969 
12766.607 
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